ABSTRACT Unique markings or body-mounted sensors facilitate data collection from individuals in large groups of similar-looking conspecifics but may have unintended consequences on behavior. A wireless sensor attached to the back of laying hens via a harness has been developed to monitor space use and activity. Prior to collecting experimental data, effects of the sensor on resource use and social interactions were assessed. Four rooms of 135 hens each were weighed and 10 hens/room were randomly fitted with sensors at 11 wk of age (0 d 
INTRODUCTION
Body-mounted, wireless sensors are useful tools for remotely monitoring elements of animals' behavior, including their location, levels and types of activity, and movement. Sensors can be attached through a myriad of methods such as pit tagging [fish and amphibians (Gibbons and Andrews, 2004) ], gluing to the skin [sea lions (Willis and Horning, 2005) and horses (Keegan et al., 2004) ], or fitting the animal with a collar [arctic foxes (Pamperin et al., 2008) ], harness [elephants (Rothwell et al., 2011) and cattle (Pastell et al., 2009; Robert et al., 2009)] , and in some cases, a sweater [koala (Takahashi et al., 2009)] . Specifically in birds, sensors have been attached by gluing them to feathers (Yoda et al., 2001) and wrapping them around the wing or body by using a harness (Fleskes, 2003) .
Location, behavior, and resource use of wild birds have been monitored using sensors since the early 1970s, with harnesses used as the primary method of attaching the sensor to the birds (Greenwood and Sargeant, 1973; Gilmer et al., 1974) . However, wearing a harness may alter birds' physicality by altering their balance or restricting wing movement, which may cause birds to move or behave differently. It is therefore important to validate that data collected from body-mounted sensors attached in this way are representative of data from birds not wearing sensors.
The effect of wearing body-mounted sensors has been studied in several types of wild birds, and the results suggest there are effects of varying degree on behavior, resource use, or both. Wild female Mallards (Anas platyrhynchos) fitted with back-mounted radio transmitters spent less time feeding, more time resting and preening, and had smaller clutches of eggs when compared with female Mallards not wearing transmitters (Pietz et al., 1993) . Female European Golden Plovers (Pluvialis apricaria) with back-mounted transmitters exhibited no differences in feeding activity but did roost less than plovers not wearing transmitters (Whittingham, 1996) . Further, captive male Dickcissels (Spiza americana) wearing leg-mounted transmitters showed a 24 h postattachment spike in fecal glucocorticoids (Wells et al., 2003) but showed no long-term response to harness placement. Female captive Blue-Winged Teal (Anas discors) fitted with sensors attached using backpacks increased the amount of time they spent engaged in comfort behaviors and reduced the amount of time spent in the water throughout the 3-mo study (Garrettson et al., 2000) .
In addition to a bird's own physical and behavioral response to wearing a sensor, having a sensor attached to the body could influence social interactions by altering the individual's appearance. For example, female Zebra finches (Taeniopygia guttata) spent more time with males marked with a red leg band and less time with males marked with a green leg band when compared with time spent with unmarked males, indicating that social perception was altered by physical markings (Nancy, 1988) . Further, male Blue Throats (Luscinia svecica svecica) marked with a blue and orange leg band spent less time guarding their mate and sang at a higher rate compared with unmarked males, and female Blue Throats showed a preference for males with symmetrical leg bands regardless of color (Fiske and Amundsen, 1997) . Wild Turkey hens (Meleagris gallopavo) wearing a back-mounted transmitter experienced no long-term effects on reproduction, social status, or feather wear (Nenno and Healy, 1979) . Thus, effects of sensor presence vary by species and can be different based upon the parameter of interest (e.g., reproduction vs. resource use). Further, the location of the sensor on the bird's body plays an important role on the degree of effect (e.g., leg-mounted vs. backmounted) due to different areas of the body being more or less evolutionarily important in social interactions, resource use, and behavior.
A wireless sensor ( Figure 1 ) has been developed to monitor the space use and activity levels of noncage laying hens (Quwaider et al., 2010) . The sensor is mounted on the back of the hen to achieve maximum sensor stability and signal quality for both acceleration and radio signal information while avoiding tissue damage to the hen. The sensors are placed inside a casing attached to a figure-eight nylon harness designed to fit around the hens' bodies while not restraining the wings. The casing is colored to match the hens' feather color and marked with a unique identifying number using white paint to allow for easy identification of individual hens on video recordings. This body-mounted sensor has been developed to observe individual hen movement and activity in large flocks in noncage housing systems, therefore, it is important to first ensure that the presence of the sensor does not affect the behavior of the hens, unintentionally compromising accuracy and quality of future data.
Hens have complex social structures that are usually stabilized by 7 to 9 wk of age (Wood-Gush, 1971 ). Body weight (Cloutier et al., 1995; Cloutier and Newberry, 2000) comb size (Cloutier et al., 1996) , and previous interactions (Cloutier et al., 1995; Cloutier and Newberry, 2000) are important factors in determining social status. Hens can be sensitive to phenotypic differences, and altering their physical appearance can alter social interactions with conspecifics. For example, hens who look different from their flock mates may become victims of feather pecking and exhibit different levels and types of behaviors than nonmarked hens (Dennis et al., 2008) , and roosters with dubbed wattles and combs were victims of increased aggression (Siegel and Hurst, 1962) . Further, a strong positive association has been determined between a hen's comb size and her competitive ability, which is retained over time (O'Connor et al., 2011) .
The sensors in this study have been used in previous experiments to collect data regarding sensor performance (Quwaider et al., 2010) . Anecdotal observations made during these studies suggested that wearing the sensor did not affect hen resource use and agonistic interactions. Additionally, no signs of hen skin or feather damage were observed as a result of wearing a sensor. The null hypothesis for this study was that no differences would be observed between harnessed and nonharnessed hens with regard to resource use and agonistic interactions at the individual and flock level. The objectives were to validate that patterns of resource use (feeder, drinker, nest box, and perch) were unchanged after sensor placement and to identify whether there were differences in levels of agonistic interactions between hens wearing and not wearing sensors.
MATERIALS AND METHODS

Birds and Housing
Data were collected from laying hens housed in an experimental noncage system at the Michigan State University Poultry Teaching and Research Center (MSU-PTRC). Prior to the start of the study, all protocols were submitted to and approved by the Michigan State University Institutional Animal Care and Use Committee. Four identical rooms (6 × 4.5 m) at MSU-PTRC were used. Each room was furnished in the same configuration with nest boxes, perches, tube feeders, and a Figure 1 . A) Photograph of a laying hen wearing a wireless sensor. B) Sensors are packaged in a plastic case to prevent entry of dust and moisture without damaging hen skin or feathers. The sensor is mounted on the back of the hen using a figure-eight nylon harness. Both the sensor case and harness are colored to blend in with the hen's feathers to avoid attracting the attention of other hens in the room. The picture was taken several days after the hen was fitted with the sensor.
water line with nipples. Sixteen nest boxes (each 0.4 m long × 0.3 m wide × 0.3 m high) in an 8 × 2 configuration were mounted 0.3 m above the ground on one wall. Perches consisted of a 3-level wooden rail structure (with each rail 6 m long and ~5 cm in diameter with a flat top and rounded sides and bottom) and mounted over a 1 × 6 m slatted area at a height of 0.53, 0.76, and 0.99 m from the ground. The perches were mounted to the wall at a slope of 45° with a 40-cm distance between each wooden rail. Room floors were covered with ~8 cm of wood shavings at time of data collection. Food and water were provided daily ad libitum. Daily care, including egg collection, feeding, and hen inspection, occurred at least once a day. Two incandescent light bulbs (60 lx at bulb level) on an automatic timer provided light 15 h per day in each room. Temperature was maintained between 16 and 22°C using a ventilation fan and forced air heating.
Hy-Line Brown laying hen pullets (135 hens/room; n = 552) were reared in each of the rooms as described above with accommodation made for their smaller size (that is, smaller perches, which were removed at 6 wk) and immaturity (that is, access to nest boxes was granted at 10 wk of age). Each room provided 0.21 m 2 floor space, 17.8 cm of perch space, 0.01 m 2 of nest box space, and 4.83 cm of feeder space per hen. Thirteen nipples provided enough drinking space for 10.3 hens per nipple. Hens (n = 10 per room) were fitted with sensors on 0 d when they were 11 wk of age [sensorwearing hens = SEN; see Quwaider et al. (2010) for image and description of sensor and sensor network]. The remaining hens in each room did not receive sensors (nonsensor hens = NON). Hens in each room were videotaped for 48 h (−5 and −4 d) before any handling or sensor attachment. On −3 d, all hens were weighed and fitted with uniquely numbered leg bands. Leg bands were not visible from the ceiling-mounted cameras, so individual tracking of hens without sensors was not possible. All hens were videotaped for an additional 48 h (−2 and −1 d). On 0 d, all hens were handled and 10 hens per room were selected and fitted with a sensor. The SEN hens were randomly selected from across the range of BW (e.g., one random hen was selected from weights 700-800 g, one random hen was selected from weights 801-900 g, et cetera) obtained on −3 d in an attempt to select for hens of varying social ranks (Cloutier and Newberry, 2000) . Subsequent sensor data to monitor the hen's behavior before and immediately after the onset of lay was the motivation for performing this study before comb development. Therefore, we were unable to include comb size as a parameter to select hens for wearing sensors ( An increased level of agonistic interactions could have been expected immediately after placement of sensors on hens due to factors associated either with environmental disturbance, bird handling, or sensor placement. Therefore, agonistic interactions were recorded on 8 d and 16 d to identify whether sensor presence resulted in a sustained increase in agonistic interactions. All analyses for this paper were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC). For all analyses, results were considered statistically significant at a probability of α less than 0.05.
Resource Use
To determine whether overall flock patterns of resource use differed before and after sensor placement, use of the feeders, nipple drinkers, nest boxes, and perches was recorded ( Table 2 ). The number of hens using each resource was divided by the total number of hens per room to create a proportion describing the percentage of a room's population using a resource. The proportions of all hens in a room using resources of interest before and after sensor placement were then transformed for normality and compared with a t-test. Satterthwaite t-tests were used to compare BW of SEN and NON hens on −3 d and 17 d.
Data on the proportion of SEN and NON hens using each resource at each time point after sensor placement (1 d, 2 d, 4 d, 8 d, and 16 d) were analyzed using a lo- Table 1 . Definitions of behaviors developed to identify agonistic interactions (adapted from Cloutier and Newberry, 2000) Behavior Description Peck A hard, fast stab with the beak at another hen, usually at the head or comb Claw A strike at another hen with the claws of one foot while keeping the other foot on the substrate Leap A jump into the air with both feet off the ground followed by a strike at another hen with one or both feet Stand-off When 2 hens stand staring at each other for >2 s Fight
Two hens perform a series of agonistic acts toward each other in rapid succession including leaps, claws, and pecks, until one hen retreats gistic regression model (PROC LOGISTIC). The model included room, day, treatment (SEN vs. NON), and the interaction between day and treatment. Each resource was analyzed separately. Data on the proportion of hens using each resource were averaged over rooms. For all variables, the Firth's penalized likelihood was used to account for the large number of zeros in the data set. Odds ratio Wald confidence limit contrast statements were used to identify specific differences between SEN and NON hens for each day.
Agonistic Interactions
The location ( A general mixed model procedure (PROC GLIM-MIX) with a Poisson distribution was used to identify differences in the level of agonistic interactions across time and whether location in room affected the amount and type of interactions observed. The model included the total number of agonistic interactions recorded using day, area, their interaction, and included room as a random effect. Least-squared means were used to identify differences between area and day.
Levels of agonistic interactions that involved an SEN hen were analyzed for 8 d and 16 d only. The proportion of observations for each type of agonistic interaction (Table 1) were calculated per room per day and compared with the expected percentage using a Wilcoxcon Mann-Whitney test (PROC NPAR1WAY). Further, the effect of the sensor on location of agonistic interaction was analyzed using a GLM (PROC GEN-MOD) with a Poisson distribution where the fixed effects and interactions between sensor presence, day, and area were analyzed. Least-squared means were used to identify differences between area and day.
RESULTS
Resource Use
On average, no differences were found in percentage of hens using the feeder before and after sensor placement (before = 51.6%, after = 51.5%, t = 0.19, P > 0.05) or drinker (before = 30.8%, after = 31.0%, t = −0.68, P < 0.05). Differences were observed in the percentage of hens that used the nest box before and after sensor placement (before = 20.0%, after = 23.0%, t = −9.12, P < 0.001) and perch (before = 56.0%, after = 57.4%, t = −4.75, P < 0.001). The SEN weighed (g) less (mean ± SEM; 921 ± 21 g) than NON (963 ± 5 g) on −3 d (t = −2.32, P < 0.05). However, SEN gained more weight (369 ± 11 g) than NON (339 ± 2 g) during the 20-d observation period (t = 2.83, P < 0.01), and by 17 d, no difference (t = −0.25, P > 0.05) in BW (g) was observed between SEN (1,297 ± 22) and NON (1,302 ± 5).
Significant differences were found between proportions of SEN and NON hens using the various resources at some of the time points (Figure 3) . Feeder use by SEN was less on 1 d (X 2 = 12.13, P < 0.01) and 2 d (X 2 = 6.88, P < 0.01) and more on 16 d compared with use by NON hens (X 2 = 48.17, P < 0.001). 
Agonistic Interactions
When examining overall levels of agonistic behaviors, there was no effect of day on the number of observed agonistic interactions (mean ± SEM; −5 d: 2.32 ± 0.37, 8 d: 2.91 ± 0.25, and 16 d: 2.74 ± 0.30; Figure 4a ; F 2,24 = 0.91, P > 0.05). Each of the 3 areas of the room (FW: 3.00 ± 0.20; NONE: 3.61 ± 0.15; and PERCH: 1.36 ± 0.47) had different levels of observed agonistic interactions ( Figure 4b ; F 2,24 = 11.85, P < 0.001), with the fewest agonistic interactions occurring in the PERCH area. No interaction effect was observed between area and day (F 2,24 = 0.11, P > 0.05).
When considering the effect of sensor presence on the type of agonistic interaction, Figure 5 illustrates that no differences were observed between the observed and expected percentage of interactions for NON-NON (Z = −1.64, P < 0.10), NON-SEN (Z = −1.64, P < 0.10), or SEN-SEN (Z = 0.81, P > 0.05). No SEN-NON interactions were observed throughout the study, so therefore, fewer SEN-NON interactions occurred relative to the expected percentage (Z = 3.57, P < 0.001). Effects were observed for the level of agonistic interactions for area of room ( Figure 6 ; X 2 = 71.55, P < 0.001). After hens were fitted with sensors (that is, 8 d and 16 d), fewer agonistic interactions were observed in the PERCH area (0.58 ± 0.22) than in either FW (2.01 ± 0.11) or NONE (2.22 ± 0.10). No differences in levels of agonistic interactions were observed between SEN and NON hens for 8 d (1.57 ± 0.144) or 16 d (1.65 ± 0.11, X 2 = 0.18, P > 0.05), and no interaction effects between day and area (X 2 = 4.79, P > 0.05), day and sensor (X 2 = 1.41, P > 0.05), area and sensor (X 2 = 1.55, P > 0.05), or day, area, and sensor (X 2 = 0.70, P > 0.05) were observed across the model.
DISCUSSION
Harness presence had a minimal negative long-term effect on noncage laying hen resource use and agonistic behavior, suggesting that hens were able to habituate to wearing the device. This was the first study to assess the effect of marking noncage laying hens on resource use and agonistic behavior. Resource use appears to have been affected initially by sensor placement, as indicated by a reduction in feeder and drinker usage by SEN hens and an increase in nest box and perch use. Hens fitted with sensors may have initially spent more time using resources, such as perch and nest boxes, which allowed them to isolate themselves from the flock in order to acclimate to their new sensor. Aviaryhoused hens have shown a linear increase in nest box use even after egg production peaked, indicating the nest boxes may be used for behaviors other than egg laying (Carmichael et al., 1999) . The SEN may have also spent more time on the perches because they may have been spending more time maneuvering throughout the perches due to the change in BW distribution. Also, this breed of hen rarely used the perch (they would sleep on the floor), so small changes in the number of hens using the perch could have greatly influenced the results. Specific behaviors of individual SEN hens were not recorded, but it is likely that SEN hens were spending more time preening and adjusting to the presence of a sensor on their backs during the first few days after sensor placement because preening is considered a comfort behavior (Black and Hughes, 1974; Nicol, 1989) and might also be required to rearrange feathers on the hens' body to accommodate the sensor.
A hen could see the sensor on either itself or its flock mates; however, the sensor itself did not appear to attract other hens' attention. The SEN were observed flying, jumping, and accessing all resources seemingly without difficulty, so it is not assumed that the harness presence affected movement, agility, or their ability to perform behaviors. However, although the sensor weighed very little (<10 g), SEN hens may have required time to adjust to the slight change in BW distribution following SEN placement. Further research investigating comfort behaviors may highlight whether comfort behaviors only occur as hens habituate to and accommodate the sensor or if they are sustained over a period of time.
Resource use for SEN and NON hens fluctuated throughout the duration of the study. Prior to hen handling, feeder and perch use were not constant between −5 d and −4 d; after hen handling and before sensor placement (on −2 d and −1 d), feeder, water, and perch use greatly fluctuated within the group of all NON hens. Therefore, almost none of the resources were consistently used throughout the duration of the study among the NON hens or in the period before handling and sensor placement. This may be a reflection of their stage of development, or because there were fewer hens in the SEN group, the differences in resource use due to individual variability may be more apparent. Initial changes in resource use by SEN hens that were observed were larger than the fluctuations observed in the presensor period or by NON hens, and some of those changes lasted for a week or longer. Regardless, the changes that were observed occurred in directions that do not suggest a poor welfare state for either the SEN or NON hens.
Habituation can be defined as a "decreased response to repeated stimulation" and can be used as a proxy measure for behavioral plasticity (Groves and Thompson, 1970) . The increased level of feeder use by SEN hens compared with NON hens on 16 d could be due to a rebound effect as hens may have been spending more time eating to recoup the caloric intake from the feeding time they lost during 1 d and 2 d (Duncan and Wood-Gush, 1972) . Another possible reason for increased feeder time could be associated with the extra effort required to carry the extra weight associated with the sensor. Even though the sensor weighed very little (10 g, which was 1.07% of the hen's BW on −3 d and 0.77% of the hen's BW on 17 d), it may have been enough weight to alter how hens were moving through their environment, required more energy than normal, and resulted in the hen feeding more to gain the necessary calories for movement. The SEN were observed flying, jumping, and accessing all resources without difficulty, so it is assumed that the harness presence did not affect movement, agility, or their ability to perform behaviors. Further, at 11 to 14 wk, the hens were still growing, so it is possible that the hens were growing and feeding at different rates between −3 d and 17 d. The increased nest box use by SEN hens compared with NON hens on 16 d could be attributed to factors associated with the onset of lay or changes in social dynamics. Therefore, after an initial 1-to 2-d habituation period, SEN hens appeared to habituate to wearing the sensor and harness and returned to using resources at a rate similar to or greater than that of NON hens.
Levels of agonistic interactions remained unchanged across all observed days, and NON-NON, NON-SEN, and SEN-SEN interactions occurred at proportions that were not significantly different from expected. This suggests that wearing sensors had no effect on overall levels of agonistic interactions within the flocks. The presence of the sensors did not visually change the appearance of SEN hens, making them targets of other birds (due to markings and physical appearance of sensor casing), nor did the sensors stimulate increased aggression by SEN as a result of redirected aggression by SEN hens uncomfortable in their harnesses (McFarland, 1966) . Moreover, frustrated hens have been found to exhibit higher levels of aggression than hens that were not placed in a frustrating situation (Duncan and Wood-Gush, 1971) . Because SEN hens were never involved in a SEN-NON interaction, they may not have been frustrated by the sensor presence and thus not motivated to perform more aggressive behaviors. Alternatively, they may have been trying to isolate themselves to avoid attracting the attention of other hens while they made adjustments to the sensor.
The lack of SEN-NON interactions is consistent with other studies investigating amount and direction of aggressive interactions for group-housed chickens. Dennis and colleagues (2008) investigated whether the proportion of marked individuals in small and large groups of broiler chickens affected the delivery and receipt of aggressive and nonaggressive pecks. Consistent with the present study, regardless of group size or proportion of marked hens, marked hens gave the least number of aggressive pecks compared with unmarked flock mates. Conversely, Dennis and colleagues (2008) observed marked hens receiving more aggressive pecks compared with their unmarked counterparts. The results from this and our study emphasize that marked hens in groups of marked and unmarked hens may be less likely to deliver aggressive pecks or initiate aggressive interactions, yet marked hens may not always be the recipient.
More agonistic interactions were observed in the FW and NONE areas compared with the PERCH. There could be many reasons for this. For example, hens perform higher levels of frustration behaviors when they cannot access food (Duncan and Wood-Gush, 1972; Zimmerman et al., 2000) . The FW area contained 2 highly valued and inelastic resources (food and water) in a small area; thus, hens could have been performing agonistic behaviors to gain access to these resources. The NONE area had no physical barriers, allowing hens to see from one end of the room to the other, and was mostly used by hens moving between FW and PERCH areas. Thus, alternatively, more agonistic interactions could have occurred here because NONE provided hens with an open area with sufficient physical space to perform agonistic interactions, such as standoffs or fights, or because hens may have been more likely to make visual or physical contact with unfamiliar individuals in NONE when compared with other areas. Higher levels of aggressive behavior in broiler chickens were observed in pens without physical perch barriers compared with those with perch barriers (Ventura et al., 2012) and aggressive interactions in broilers usually occurred in the open areas of the pen (Cornetto et al., 2002; PettitRiley et al., 2002) . This suggests hens housed in rooms with large amounts of uninterrupted space may perform more aggressive behaviors, and providing physical barriers that break up the visual and physical space may be useful for mediating aggression levels.
Levels of agonistic interactions in large flocks are usually lower than in small flocks because hens no longer rely on a stable peck order as a social strategy D'Eath and Keeling, 2003) . Instead, they use a more competitive ability strategy, incorporating individual physical characteristics and status signaling to determine dyadic dominance on an as-needed frequency (Estevez, Hughes et al., 1997; Newberry and Keeling, 2002 ; D'Eath and Keeling, 2003; O'Connor et al., 2011). Increased aggression in the NONE area com-pared with FW and PERCH supports the competitive ability theory where agonistic interactions occur on an as-needed basis rather than used to establish a dominance hierarchy.
Hens rarely used the perch during the observation period. Therefore, few agonistic interactions were observed in the PERCH area simply because there were few hens in that area. Again, because few hens used the perch, a small number of hens could greatly influence the results and may account for the wide variation of perch use recorded in SEN and NON perch use throughout the duration of the study. Hens usually use the perch for resting, and perches are normally a destination for a hen, not a transitional area (for example, the NONE area). These factors combined with the low competition for perches, resulting from the wide physical distribution of perches across the length of the rooms and sufficient space per hen to perch (17 cm of perch space/hen) could account for the reduced number of agonistic interactions observed in the PERCH area.
The effect of social factors or changes in social structure cannot be overlooked when assessing the effect of the sensor on noncage laying hen welfare. However, identifying the social hierarchy before or after sensor placement for this large group of hens was not possible. Understanding the sensor's effect on social structure or agonistic interactions may benefit from future investigation. The SEN hens never initiated an agonistic interaction with a NON hen, but they did initiate interactions with other SEN hens. This may indicate that SEN hens were of similar rank or they may have been intimidated by NON hens. Another possibility is that SEN may have been able to identify those few uniquelooking individuals with sensors, remember what happened in their past encounter, and find the agonistic interaction worth the investment when they may not be able to remember past encounters with NON. The SEN were initially lighter than NON, which could have contributed to their lack of agonistic interaction initiation, but the difference between the groups' BW were so small that they could be due to differences in crop fill (Savory, 1985) .
In summary, the body-mounted sensors were mounted on the back of noncage laying hens without having large or long-lasting effects on resource use and agonistic behavior. The hens may have been able to habituate to the harnesses in part because each harness was custom fitted for individual comfort. Additionally, the back of the hen is a part of the birds' anatomy that is not evolutionarily important for signaling status or improving competitive ability for resource acquisition in groups of all-female noncage laying hens. Even though effects on resource use and agonistic behavior were observed in this study, future studies utilizing body-mounted sensors or markings for individual identification should take into account the possible physical effects of sensor attachment on bird movement and the social context in which the phenotypic modification could be perceived by conspecifics before determining whether the sensor will provide unbiased information.
